Elevated lifetime prevalence rates of alcohol use disorders (AUDs) are a feature of bipolar disorder (BD). Individuals at-risk for AUDs exhibit blunted subjective responses to alcohol (low levels of response), which may represent a biomarker for AUDs. Thus, individuals atrisk for BD may exhibit low responses to alcohol. Participants were 20 unmedicated adult males who reported high rates of hypomanic experiences (bipolar phenotype participants; BPPs), aged 18 to 21 years, and 20 healthy controls matched on age, gender, IQ, BMI, and weekly alcohol intake. Subjective and pharmacokinetic responses to acute alcohol (0.8 g/kg) vs placebo administration were collected in a randomized, double-blind, cross-over, placebo-controlled, within-subjects design. BPP participants reported significantly lower subjective intoxication effects ('feel high': F ¼ 14.2, p ¼ 0.001; 'feel effects': F ¼ 8.1, p ¼ 0.008) across time, but did not differ in their pharmacokinetic, stimulant, or sedative responses. Paradoxically, however, the BPP participants reported significantly higher expectations of the positive effects of alcohol than controls. Our results suggest that unmedicated young males with previous hypomanic experiences exhibit diminished subjective responses to alcohol. These blunted alcohol responses are not attributable to differences in weekly alcohol intake, pharmacokinetic effects (eg, absorption rates), or familial risk of AUDs. These observations suggest that the dampened intoxication may contribute to the increased rates of alcohol misuse in young people at-risk for BD, and suggest possible shared etiological factors in the development of AUDs and BD.
INTRODUCTION
Bipolar disorder (BD) is one of the leading causes of disability worldwide (World Health Organization, 2008) , and is increasingly recognized as a continuum of symptomatology, ranging from experiences of mild hypomania to extreme bouts of elevated mood (mania) and depression. Traditionally, research studies have focused on the more severe end of the bipolar spectrum. Although studies in this population have indisputably helped to inform current understanding of the BDs, they are nonetheless limited by the confounding factors inherent in studying a chronically ill population; for example, the effects of long-term medication, multiple hospitalizations, comorbidities, cognitive impairment, and long disease histories. Recent research has sought to eliminate these confounds by studying at-risk individuals for BD, identified on the basis of previous hypomanic experiences (Chandler et al, 2008; Calabrese et al, 2003) . Such individualsFhereafter referred to as individuals with the bipolar phenotype (BPP)Fare at increased risk for a range of mental health problems including, but not limited to, BD (eg, anxiety, depression; Chandler et al, 2008; Calabrese et al, 2003) . Moreover, among individuals with the BPP some already meet DSM-IV-TR criteria for bipolar II or NOS (Rock et al, 2010; Chandler et al, 2009) and their symptoms and alterations in emotional processing are relatively homogeneous. Follow-up of young people with the BPP indicates that intermittent mood elevation in young people is a significant predictor of a variety of subsequent mental health problems even in the short term (Tijssen et al, 2010) .
Public health policy increasingly recognizes the importance of identifying biomarkers for vulnerability to mental health disorders (eg, National Institute of Mental Health). Focusing on at-risk populations for BD affords significant methodological advantages. First, as described above, this approach avoids the confounding effects of the consequences or epiphenomena of chronic illness. Second, bipolarity is now recognized to represent a spectrum involving a much larger proportion of mood disorder populations than just the paradigm illness, bipolar I disorder (Merikangas et al, 2007) . Therefore, its manifestations across a broader spectrum may contribute to societal problems associated with alcohol and substance misuse, other addictions and impulse control disorders.
Epidemiological studies indicate that lifetime alcohol use disorders (AUDs) are significantly more prevalent among individuals with BDs (46-61% in BD I; 36-39% in BD II), exceeding the rates reported in schizophrenia and major depression (Regier et al, 1990; Kessler et al, 1997; Merikangas et al, 2007) . Clinically, individuals with both AUDs and BD have higher rates of experienced physical or verbal abuse and suicide attempts , poorer treatment compliance (Strakowski et al, 1998) , and higher relapse rates (Tohen et al, 1990 ) compared with BD patients alone. However, the etiology of AUDs in BD has not been previously explored experimentally (Le Strat and Gorwood, 2008) . The high prevalence of AUDs (49.3% in a voluntary registry of BD I patients; Chengappa et al, 2000) means that studying the acute effects of alcohol in patients with mature BD might be confounded by previous alcohol use.
Individuals at-risk for AUDs typically report diminished subjective experiences or 'low-level responses' (LLRs) to alcohol administration (Trim et al, 2009; Schuckit and Smith, 2011 ) although this has not been found across all studies (eg, King et al, 2002) . LLRs at ages 19 and 20 predict AUDs at 10-and 8-year follow-up, respectively (Volavka et al, 1996; Schuckit and Smith, 1996) . In contrast, other studies have reported that individuals at-risk for AUDs (Conrod et al, 1997; Peterson et al, 1996) exhibit enhanced physiological responses to alcohol (eg, elevated heart rate; elevated plasma b-endorphins), consistent with the so-called 'differentiator' model. The 'differentiator' model proposes that individuals at-risk for AUDs experience enhanced stimulant effects during the ascending limb of the blood alcohol curve and diminished sedative effects during the descending limb (reviewed in Ray et al, 2010; Newlin and Thompson, 1990; Newlin and Renton, 2010) . Although there remains some uncertainty about which precise dimension of individuals' subjective reactions to alcohol is most predictive of subsequent AUDs (King et al, 2002 (King et al, , 2011 , there is consensus that some aspect of individual subjective response mediates the risk forFand development ofFAUDs, making such response profiles potentially interesting endophenotypes (Morean and Corbin, 2010; Ray et al, 2010) .
Here, we tested the hypothesis that BPP individuals show a dampened subjective response to alcohol. As proposed by Schuckit in his LLR theory, people with the BPP might drink more in order to experience alcohol's normative effects. However, given the conflicting findings of the literature, it is also possible that people with the BPP show greater stimulant effects during the ascending limb. We included only males in our experiment because problem drinking is more prevalent in men, and LLRs have been most robustly observed among men at-risk for AUDs (Quinn and Fromme, 2011) .
Finally, alcohol consumption is also influenced by beliefs about its cognitive, emotional, and behavioral effects (Brown, 1985; Christiansen et al, 1989) , and expectations are known to influence both responses to acute alcohol and the amount of alcohol consumed (Brown et al, 1987) . Alcohol-related expectancies may be especially prominent during the adolescent years, contributing to subsequent alcohol misuse and dependence (Brown, 1985) . Therefore, we also asked our participants to complete the Alcohol Expectancy Questionnaire (AEQ; Brown et al, 1987) to identify whether individuals with the BPP have heightened expectancies about the positive consequences of alcohol consumption.
PARTICIPANTS AND METHODS

Participants and Recruitment
The study protocols were approved by Oxford University's Central University Research Ethics Committee. Forty medication-free male participants between the ages of 18 and 21 were recruited via advertisements or from an on-line survey (Chandler et al, 2008) . Participants were selected according to their scores on the Mood Disorders Questionnaire (MDQ; Hirschfeld et al, 2000) , a self-report instrument for screening BD (specificity ¼ 0.90). The MDQ includes 13 yes/no questions, based on clinical observations and the DSM-IV diagnostic criteria for BDs (eg, 'Has there ever been a period of time when you were not your usual self and thoughts raced through your head or you couldn't slow your mind down?'; Hirschfeld et al, 2000) . Originally designed and validated for use in outpatient populations, the MDQ has since been validated in the general population (specificity ¼ 0.97; Hirschfeld et al, 2003) , and has been used to define the common bipolar phenotype in terms of elevated mood in young people (Rock et al, 2010) . Specifically, two participant groups were recruited: participants with MDQ scores ¼ 0 (control participants), and participants with MDQ scoresX7 (BPP). After the study was described to the subjects, written informed consent was obtained.
Participants were assessed using the Mini International Neuropsychiatric Interview (Sheehan et al, 1998) and screened to exclude any major psychiatric illnessFincluding alcohol and substance abuse/dependenceFwith the exception of BD I, II or NOS for the BPP participants. Other alcohol-related exclusion criteria included (i) a first-degree relative with a history of an AUD; (ii) any psychotropic medication; (iii) any non-psychotropic medication that might interact with alcohol; (iv) significant physical health problems for which drinking alcohol would be inadvisable; (v) an absence of previous exposure to alcohol; (vi) any history of alcohol-related problems (eg, seizures, blackouts); and (vii) daily alcohol consumption in excess of the advised healthy levels of consumption recommended by the UK government (ie, 3-4 units per day for males; www.dh.gov.uk), as assessed by the Alcohol Use Questionnaire (Mehrabian and Russell, 1978) .
Participants also completed psychometric assessments of depressive symptoms (Quick Inventory for Depressive Symptomatology; QIDS; Rush et al, 2003) , impulsivity (Barratt Impulsiveness Scale; BIS-11; Patton et al, 1995) , neuroticism (Eysenck Personality Questionnaire's Neuroticism subscale; EPQ-N; Eysenck et al, 1985) , intelligence (Raven et al, 1998) , and positive alcohol expectancies (AEQ; Brown et al, 1987) . The AEQ is a true-false questionnaire composed of statements about the effects of alcohol (eg, 'Alcohol can transform my personality') that correspond to six expectancy subscalesFglobal positive changes, sexual enhancement, social and physical pleasure, social assertiveness, relaxation, arousal/aggressionFthe reliability and internal consistency of which have been demonstrated previously (Goldman et al, 1997) .
Study Procedures
Participants attended two experimental study visits at the University of Oxford's Department of Psychiatry at the Warneford Hospital, scheduled at least 1 week apart. Each study visit began at 13:30 hours. Participants were randomized using a fixed, double-blind, cross-over, withinsubjects design to receive either active (0.8 g/kg ethanol) or placebo doses at study visits one or two. Participants were required to abstain from alcohol use for at least 24 h and from caffeine use for at least one hour before each visit. All participants consumed a standardized light lunch one and a half hours before each visit. At the start of each study visit, participants completed baseline measurements of pulse, blood pressure, breath alcohol concentration (BrAC) and subjective alcohol effects (see below).
Following baseline measures, participants consumed one of two beverages (ie, placebo or active dose). Both beverages consisted of 90% ethanol, diet tonic water, and concentrated lime juice. Active beverages contained 0.8 g/kg ethanol (active dose). Placebo beverages contained a 1% ethanol mask. The total volume of each beverage was 450 ml for a 70 kg participant, with adjustments made for weight. Beverages were consumed according to a cumulative dosing schedule, with the total beverage divided into nine 50 ml portions, and portions consumed at 3-min intervals. In order to create an additional taste and odor mask, the rim of the cup used to administer the beverages was dipped in gin before each dose (for both active and placebo beverages). Following consumption of the beverages, participants completed measurements of subjective ratings at the 30, 45, 60, 120, and 180-min time-points. Pulse readings were also taken at the 30, 60, 120, and 180-min time-points. BrAC was measured at the 60, 120, and 180-min time-points. In order to ensure that the primary researcher remained blind, BrAC and pulse ratings were taken by another researcher.
Measures of Subjective Effects
The subjective effects of acute ethanol administration were measured in two ways: (i) using a visual analog rating-scale of drug effects (the Drug Effects Questionnaire; DEQ; Kirk and de Wit, 2000) and (ii) using the Biphasic Alcohol Effects Scale (BAES; Martin et al, 1993) . The DEQ consists of four visual analog scales linked to the following questions: 'Do you feel any drug effects?', 'Do you like the effects you are feeling right now?', 'Are you high?' and 'Would you like more of what you consumed, right now?' Participants rated their responses along a 100 mm line ranging from 'none/not at all' (0 mm) to 'a lot/very much'. The sensitivity of the DEQ across different psychoactive substances, including alcohol, has been demonstrated previously (Kirk and de Wit, 2000; White et al, 2005) . The BAES is a 14-item adjective rating scale of alcohol's stimulant and sedative effects, with scale items ranging from 0 ('not at all') to 10 ('extremely'). Other studies report internal consistency scores of 0.94 and 0.95 for the stimulation subscale, and of 0.91 and 0.93 for the sedation subscale, during the ascending and descending limbs of intoxication, respectively (Rueger et al, 2009 ).
Statistical Analyses
Between-group comparisons of demographic, psychometric, and alcohol-related variables were completed using univariate analyses of variance (ANOVAs). BrAC, pulse, and blood pressure were compared using repeated-measures ANOVAs with the between-subjects factors of group and order and the single within-subject factor of time. Analyses of DEQ and BAES subscale data were conducted in several steps. First, between-group differences in placebo scores were examined using repeated-measures analyses with the between-subject factor of group (BPP vs controls) and the within-subject factor of time. There were no significant differences in placebo responses for any of the DEQ and BAES subscales (Fo0.5; pX0.5; df ¼ 1). Placebo scores were then subtracted from alcohol scores across all time points for the DEQ and BAES subscales (to control further for any possible expectation effects), and then compared using repeated-measures ANOVAs with the between-subjects factors of group and order and the within-subject factor of time. Additionally, participants' maximum ratings on those DEQ and BAES subscales that demonstrated significant between-group differences were selected for correlational analyses with the AEQ subscales, QIDS and BIS-11 scores, in order to explore the relationship between reported intoxication and positive alcohol expectancies, impulsivity and state depressive affect. Finally, given the relative heterogeneity of the selected BPP sample, the above analyses were repeated but without those participants meeting full DSM-IV diagnostic criteria for BD II/NOS, in order to ensure that our results were not attributable to the inclusion of these individuals.
RESULTS
Demographic and Psychometric Characteristics
Demographic, psychometric, and alcohol variables are presented in Table 1 . There were no significant differences in the age, BMI, IQ, EPQ-N, or weekly alcohol intake of our control participants and our BPP participants. The BPP participants scored a mean of 9.5 ± 0.37 on the MDQ, indicating significant previous experiences of mood elevation. BPP participants reported significantly more depressive symptoms (QIDS; F ¼ 5.4, p ¼ 0.03) and impulsivity characteristics (BIS-11; F ¼ 5.7, p ¼ 0.02) than the control participants. Three BPP participants met DSM-IV-TR diagnostic criteria for BD II or BD NOS at the time of screening, however, none were currently hypomanic at the time of testing.
Physiological Effects
BrAC levels following alcohol and placebo treatment are shown in Figure 1 . Both participant groups showed similar peak BrAC levels (approximately 0.4 mg/100 ml at 60 min), which declined at similar rates. Similarly, alcohol generally increased pulse and blood pressure following administration of alcohol compared with placebo (F ¼ 8.9, p ¼ 0.005). However, BPP participants' pulse and blood pressure did not differ from that of the controls (Fo0.9; p40.35; df ¼ 1; Supplementary Table S1 ).
Subjective Effects
No between-group differences in placebo ratings were observed for any of the DEQ or BAES subscales. Following alcohol (over placebo) treatment, BPP participants reported significantly less subjective experiences of intoxication, as assessed by the DEQ subscales 'feel high' (F ¼ 14.2, p ¼ 0.001; Figure 2 ) and 'feel effects' (F ¼ 8.1, p ¼ 0.008; Figure 3 ) in comparison with the control participants. Significant main effects of treatment order were also observed for both 'feel high' and 'feel effects' (F ¼ 4.8, p ¼ 0.04; F ¼ 4.4, p ¼ 0.04, respectively). However, the group by order interactions were not significant for these variables (Fo1.5; p40.2; df ¼ 1). Exclusion of those three participants meeting full DSM-IV criteria for BD II/NOS left our main results unchanged; that is, significant reductions in intoxication reported by the BPP participants in comparison with control participants, as assessed by the DEQ subscales 'feel high' (F ¼ 11.4, p ¼ 0.002) and 'feel effects' (F ¼ 8.9, p ¼ 0.006). Other responses to alcohol (over the placebo) on DEQ subscales including 'like effects' and 'want more', or the BAES stimulation and sedation subscales, were not changed in the BPP participants (Fo1.7; p40.2; df ¼ 1; Supplementary Figure S1 , S2).
Post-hoc correlational analyses revealed neither participants' BIS-11 nor QIDS scores were significantly associated with subjective reports of 'feel effects' or 'feel high' following alcohol compared with placebo treatment in either participant group (p40.09; À0.6p rp0.05). 
Alcohol Expectancies
BPP participants reported significantly more positive alcohol expectancies than the control participants (see Figure 4) . This included enhanced expectancies of global positive changes (F ¼ 9.3, p ¼ 0.004), relaxation (F ¼ 8.5, p ¼ 0.006), and arousal/aggression (F ¼ 4.8, p ¼ 0.03), in addition to a trend toward significance for increased sexual enhancement expectancies (F ¼ 3.5, p ¼ 0.07). Post-hoc correlational analyses revealed no significant associations between those AEQ subscale scores showing between-group differences and subjective ratings of 'feel effects' and 'feel high' in either participant group (p40.09; À0.2p rp0.3).
DISCUSSION
Young people screened in late adolescence and early adulthood report high rates of hypomanic experiences (Chandler et al, 2008; Calabrese et al, 2003) and these experiences are associated with increased rates of mood and anxiety disorders in adulthood including BD (Lewinsohn et al, 2000; Tijssen et al, 2010) . Individuals with the BPP are at increased risk for a range of mental health problems. Anxiety and depression are especially common (Chandler et al, 2008) . In fact, a number of young people with the BPP already meet DSM-IV-TR criteria for bipolar II or NOS (Rock et al, 2010; Chandler et al, 2009) ; the symptom profiles and alterations in emotional processing are relatively homogeneous for patients whether or not they meet a syndromal definition of BD.
In this experiment, young men with the BPP defined as previous experiences of mood elevation reported significantly less subjective intoxication following ethanol administration compared with controls. These differences cannot be attributed to differences in BMI, psychotropic medication, weekly alcohol intake or pharmacokinetic or physiological responses (BrAC and pulse rate). Although significant treatment order effects were observed, these did not interact significantly with participant group or treatment. This means that our between-group differences in subjective responses to alcohol are not attributable to effects in treatment order. Also, the observed differences in subjective responses cannot to be explained by family histories of AUDs. Although this experiment did not explicitly examine the influence of alcohol expectancies, trait impulsivity, and state depressive effect on subjective ratings, the lack of significant associations between subjective responses to alcohol and these variables within either participant group suggests that our findings are not attributable to these factors.
Despite the diminished intoxication ratings, the BPP participants did not differ from the control participants in their self-reported stimulant or sedative responses on either limb of the BrAC curve. These findings are generally consistent with the LLRFbut not the differentiatorF model of vulnerability for AUDs (Quinn and Fromme, 2011; Morean and Corbin, 2010) , suggesting that individuals with the BPP experienced a generalized decreased awareness of intoxication, which was not biphasic in character. Although the origins of this decreased awareness remain unclear, one possibility is that previous experiences of non-substancerelated mood elevation mean that individuals with BPP are less likely to attribute ethanol-induced mood variation (ie, intoxication) to alcohol.
Individuals with a reduced subjective response to alcohol may have to consume greater quantities of alcohol to obtain effects similar to those experienced by their peers, and this has been suggested previously to pre-dispose to AUDs in young people (Schuckit and Smith, 2011) . Our findings are consistent with evidence of LLRs to alcohol among young people at increased risk for AUDs (ie, men family history positive for AUDs; Volavka et al, 1996; Schuckit and Smith, 1996; Tolentino et al, 2011) . However, our findings extend this possibility to a distinct at-risk group (ie, individuals atrisk for BD) for the first time. LLRs at ages 19 and 20 predict AUDs at 10-and 8-year follow-up (Volavka et al, 1996; Schuckit and Smith, 1996) , and are candidate biomarkers for the risk of subsequent alcohol misuse (Tolentino et al, 2011) . As such, future studies looking at the longitudinal effects of LLRs among individuals at-risk for BD are warranted. Our findings, nonetheless, suggest that individuals at-risk for BD might be equally at-risk for subsequent AUDs, and further imply possible shared etiological factors between disorders. Remarkably, the LLRs observed here were clearly present in young people selected exclusively on the basis of their endorsement of hypomanic symptoms in late adolescence. However, despite these diminished experiences of intoxication following alcohol administration under controlled experimental conditions, the same BPP participants also reported significantly elevated alcohol-related expectancies across multiple cognitive domains involving expectations that alcohol will have generalized positive effects. Such increased positive alcohol-related expectancies discriminate between problem vs non-problem-drinkers (Brown et al, 1987) although this has not been demonstrated consistently (Williams and Ricciardelli, 1996) . However, given the equivalent levels of current alcohol use in our two participant groups (and the exclusion of participants with a history of alcohol problems), it seems unlikely that the observed differences in alcohol expectancies are attributable to existing drinking patterns. Instead, such expectancies about the effects of alcohol observed among young men with increased rates of hypomanic experiences might promote alcohol consumption, further increasing risk for AUDs. These increased expectancies may relate to cognitive aspects of the bipolar phenotype that may influence behavioral choices that are just starting to be examined including, for example, more intense use of imagery in predicting the impact of future events (Holmes et al, 2011) .
Strengths and Limitations
The robustness of our experiment is under-written by the double-blind, placebo-controlled, randomized, cross-over, within-subjects design, the exclusion of participants taking any psychotropic medication, the relatively young age of the participants (Morean and Corbin, 2010 ; mean age B19 years), and the close similarities in age, IQ, BMI, social milieu, alcohol use, and pharmacokinetic profiles between participant groups. However, notwithstanding these strengths, we note several limitations. First, the status of the BPP remains under examination; it is a marker of risk forFnot a simple predictor ofFsubsequent BD. However, whatever its precise relationship to BD, our findings clearly suggest an increased vulnerability to AUDs among individuals with high rates of hypomanic experiences (ie, individuals with the BPP) but relatively limited family histories of BD (ie, only one BPP participant had a first-degree relative with a history of BD). Further studies in individuals more specifically at-risk for of BD I (such as the siblings of bipolar probands) would extend the generalizability of these findings.
Second, given the familial association between AUDs and BD (Wilens et al, 2007) , our exclusion of participants with AUDS, or with family histories of AUDs, may mean that some aspects of the psychopathology associated with the BPP were underestimated. Moreover, findings from some experimental studies of the LLR have been inconsistent (Peterson et al, 1996; Conrod et al, 1997; King et al, 2002 King et al, , 2011 Newlin and Renton, 2010) , with some evidence that it is heightened, rather than reduced, subjective responses to alcohol that are associated with increased risk for AUDs (Thomas et al, 2004) . From this perspective, an alternate explanation of our findings is that the BPP individuals included in this study, screened to exclude those individuals with AUDs or family histories of AUDs, are at a lower risk of developing an AUD than individuals having a BPP and co-occurring AUD. From this perspective, the LLR we have observed in our BPP subjects may be a biomarker of that protection. Further experiments involving alcohol administration to healthy control and BPP participants with and without family histories of AUDs are needed to test the secondary hypothesis that subjective responses to alcohol are even lower in those with a positive family history.
Further limitations to this study include the absence of an objective (non-self-report) measure of current alcohol use and the absence of some biological measures of intoxication (eg, body sway), and future studies should consider incorporating these measures. Finally, the absence of female participants means future research is needed to explore any gender-bipolar interactions in subjective responses to alcohol. However, our experiment is consistent with earlier explorations of the LLR model in its inclusion of only male participants (eg, Schuckit and Smith, 1996) .
Conclusions
Although theoretical models conferring vulnerability for cooccurring BD and AUDs have been proposed, this is the first empirical investigation of subjective responses to alcohol among young people with a phenotype at-risk for BD. The experience of hypomanic symptoms and hypomania is by definition a criterion for bipolar diagnoses and is likely to be relevant to BD specifically. As all the individuals in this experiment were euthymic, decreased subjective responses to alcohol may be a trait marker for excessive alcohol consumption among individuals with the BPP. The BPP is relatively common (Chandler et al, 2008; Merikangas et al, 2007) , so irrespective of the relationship to bipolar diagnoses, the present findings also suggest it may be important in identifying a common and important outcomeFalcohol misuse.
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